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jandante for existing sources; PSNS ™ 



^ Donnan dialysis, dectrodialysis, electrowiiming, evaporation, 
^finacculadon, hydrolysis* mdnccadoa, ion exchange, metallic 
f neutralization, oxidation. pH adjostmmt, photolysis, precip- 
* ss motfifcaiion, reduction, reverse osmosis, salt splitting. 
B sondificanon, and spray rrnsigg- 

GG&ALD A. KrULK 

Applied Hectroless Concepts, Inc. 

NekaD V. Mandich 
HBM Engineering Company 

Additional Reading 

JlaL: U&xrojkamg Engineering handbook, 4m Bfiticn, Van Nostrand 
^CcuIa^Ncwyor^Ny. 1984. 
\ing GuMbockandDuectNj, VoL 9Z, tfa 1A, Hsevier Publishing, New 
cclIcctedvoIs^Pobficatsoiia, lac* Hackeag**. NT, updated yearly. 
w j Surface, finishing, Sanxconfartor bxenittiOrtaL, and Metal FadshSng 

some of the best frthmnaos on innovative tnmHizxog mctfiods. 
tJ-VS^ flte ^ctxub tfEUamdepasiizd hfaals and Affoyx 2nd Edition, 
* q Hectmplatere and Surface Finishers Society, Orlanrtn, FL, 1986. 

lOLECOLES. Natural products, the biologically 
of which contain one 01 more metallic elements* 
des may be transport and storage proteins, such as 
(FeX ferritin (Fe), transferrin (pet), cruloplasrnjn (Cu), 
t (Fe\ or hmogjobio (Fe); or (hey may be enzymes, such as 
(Zh)» ammopeptidases (Mg> Mn), phosphatases (Mg, 
I hydroxylases (Fe, Co, Mo), or isomerases and synthetases, such 
5 (Co). Metallobjomolecules also may be nonproteins, such as 
J (Fe) orcfaloropfayE (Mg). Ibers and Holm provide an excellent 
¥of metaUc«<nnolecnlcs in ScfeHce. 209, 223-235 (1980). 

A class of neutral transition metal compounds 
; two cyclopeoxadienyl (C5H5) Ugands jf -bonded to a central 
tatom in a Sandwich" structure, as exemplified by ferrocene 

t original mciaUocene, ferrocene, was first repotted simultaneously 
deafly by two groups of workers in 1951. Miller, Tebboih, and 
• at British Oxygen Ltd. passed cyelopentadiene over iron powder 
(ammonia catalyst; Kealy and Panson at Daquesne University treated 
f chloride with cydopentadicnyl magnesium bromide. Both groups 
'1 the same orange, air-stable, hydrocarbon-soluble crystals (mp. 
1 proposed a sigma bonded structure for mis first organometallic 
- Of iron. Within a year groups at Harvard University incluoiDg 
' , WuTdnson. Rosenbtum and Whiring revealed That CioHjoFe 
1 unusual thermal stability, has no dipole moment, and nndergoes 
\ aromatic substitution reactions; whereupon, they proposed the novel 
1 structure and advanced the name J5?rroc*n* to reflect bom the iron 
tQ f the material and its aromaticity. X-ray crystallograpbic studies 



vapor phase the barrier to rotation of the rings has been shown to be 
very smalL 

One proposed bonding scheme, using a molecular orbital model, calls 
for utilizing the rc orbitals of the CjH^ group and the d^d^r J, A, Py* 
and ^ iron orbitals to obtain a total of six bonding orbitals with the twelve 
^--electrons from me rings to fin them. 

After the discovery of ferrocene many additional metallocenes and 
their derivatives were prepared, mending utaaocene (green), vanadocen* 
(purple), chromocene (scarlet), cobaltocene (purple-black) and nicMocene 
(green). Dicydopentadienyl manganese (amber) is ionic, and dicyclopeu- 
tadienyl mercury, tin and lead are gfona bonded; their derivatives are not 
property called metallocenes. In the second and rhird transition series, only 
rntnenocene and osmocene are known as simple, neutral metallocenes; 
the other metallocenes are known as canons (e,g. Cp 2 H + ) or with addi- 
tional ligaads such as balide or hydride attached to the metal atom, as in 
Q^HGb, CpjReH, CpjTaHj, etc Though several preparative approaches 
are known, the most general reaction leading to metallocenes is the treat- 
ment of a metal Iff tie with sodium cyclopentadieniiie m tetrabydrofuran. 
Ideally a +2 salt of (he metal is used, although excess of the cyclopenta- 
dienade will often reduce a higher valenz metal halide to a lower oxidation 
state during the reaction. 

Chemically, ferrocene undergoes many typical aromatic substitution 
reactions such as Frieda-Crafts acyiation or alkylation, snlfbnation, 
rnerctniarion, Imnadon, the vmsmaier reaction and the Manrdcb reaction 
(with diioemylarmne, formaldehyde and acetic acid). Its reactivity is very 
great f^nperatomaric**) and is comparable in rate to that of pbenoL 
Mono* and disubsdtation on one or bom rings can be realized, though 
some measure of control to predorrnnately mono- or disubstitution can be 
exercised by adjusting conrhnons- 

However, the central metal a mm in ferrocene imposes some lnrntations 
on the cbemisrry of the system or provides in some cases a dditional reaction 
pathways. For example, the central iron atom is readily and reversibly 
oxidized from the FeCO) state to FeflE) in the form of the water-soluble 
red-blue dichtoic fexrocmium ion. This aYtrtatirm occurs with halogens or 
with nitric acid so mat direct aromatic halogenatien and n i t rati on cannot 
be realized; however, halo- and nitroferrocene have been prepared by 
indirect methods. Ainnwferrocene cannot be oaazouzed, presumably due 
to oxidative desmxedan of the system, Oonpring with diazonhrm salts 
is anomalous; ferrocene reduces r&azonium salts to phenyl radicals in 
aqueous or nonaqueous solution to yield Goxnberg (phCTylarion) products. 
Condensation wrm aldehydes in acid solution gives rearranged products 
due to a role that the iron atom can play. The central iron atom is readily 
protonated in strong acid media. 

In the solid state rnthenocene and osmocene prefer the eclipsed, 
pentagonal prismatic structure and in solution exhibit a chernistry similar 
to that of ferrocene. The other rnetallocenes, on the other hand, are 
quite different chemically, none of them showing the typical aromatic 
substitution reactions of ferrocene. 

Q Q 
O Q 

FtrmM&e JhithfinDeene 

Cobaltocene is rapidly oxidized in air or in solution (it liberates H? 
from water, slowly) to yield the very stable yellow +1 cation, which has 
been reported to be stable to aqua regia. Neutral cobaltocene reacts with 
alky] and acyl halides to give adducts (CjH5)(C 5 H(5R)Co + X" in which the 
substituted ring is jr-bonded to the cobalt as a diene. 

Nickelocene, on the other hand, is more slowly oxidized and undergoes 
addition of suitable activated olefins to one ring converting it to a bicyclic 
ligand. Some ligand replacement reactions are also fcnown for nickelocene. 

Titanocene derivatives undergo substitution reactions at the metal atom: 



Cp 2 Ha2+C6H 5 Ii« 
CfcTiCl2-|-20Cri7 



CfeTKQUsh + LiCla 
^Cp 2 Tl(OCH3)2+2a- 
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Metallocene 

From Wflqpedaa, £be free encyclopedia 

In chemistry, and in particular, in organometallic chemistry, a metallocene is a compound with the general 
formula (C 5 R£jM consisting of two cyclopentadienyl anions (Cp) bound to a metal center in the oxidation state 
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Definition 

Tbe general name metallocene is derived from ferrocene, systematically bis(ij 5 -cyclopentadienyl)iron. According 
to the definition by lUPAC, a metallocene contains a transition metal and two cyclopentadienyl ligands 
coordinated in a sandwich structure, L e. the two cyclopentadienyl anions are co-planar with equal bond lengths 
and strengths. The nature of the bonding of the organic ligand to the metal is referred to as its "hapticity" and is 
indicated by the Greek letter eta (ij). The equivalent bonding of all 5 carbon atoms of each cyclopentadienyl ring 
is denoted as y 5 , pronounced "pentahapto 1 *. 

Features of metallocenes 

A notable feature of all metallocenes is their high thermal stability (up to and over 500*0. All neutral 
metallocenes are soluble in common organic solvents and can be purified by vacuum sublimation. Metallocenes 
of all 3d-row elements are known, but with the exception of ferrocene all of these are sensitive to air, 
paramagnetic and do not possess a closed-shell electron structure (see 1 8-Electron rule). 

X-ray diffiaction studies have shown that the cyclopentadienyl rings might be either eclipsed or staggered For 
non-substituted metallocenes the energy difference between the staggered and eclipsed conformations is only 8 
kftmoL Ferrocene and osmocene take on an eclipsed conformation at low temperatures, while 
pentamethylcyclopentadienyl ligands are always in a staggered conformation to minimize steric hindrance 
between the methyl groups. 

In contrast to the more strict definition proposed by IUPAC, which requires a d-block metal and a sandwich 
structure, the term metallocene and thus the denotation -ocene, is applied in the chemical literature also to non- 
transition metal compounds, such as Cp^Ba, or structures where the aromatic rings are not co-planar, such as 
found in manganocene or titanocene cfcchloride, Cp^iCl^ 

Derivatives 

Derivatives of metallocenes include structures with an intramolecular bridge between the two cyclopentadienyl 
rings (ansa-metallocenes), compounds with just one facially-bound planar organic ligand (half-sandwich 
compounds), compounds with three Cp anions and two metal cations in alternating order (tripledecker 
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configuration) and compounds where one cyclopentadienyl ligand is replaced by three other ligands (piano stool 
configuration). 
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